The ability of seminal plasma to influence the fertility of ejaculated bull spermatozoa was examined using a sperm penetration assay for zona-free bovine oocytes. Washed, ejaculated spermatozoa from bulls of below (low) or above average (high) fertility were mixed with seminal plasma from the same bull, or with seminal plasma from a bull of contrasting fertility. Treated spermatozoa were stained with different fluorochromes and competed to penetrate oocytes after heterospermic insemination in vitro. Washed spermatozoa exposed to seminal plasma from bulls of high fertility penetrated more oocytes than those spermatozoa mixed with seminal plasma from bulls of low fertility (P < 0.01). Mixing low fertility spermatozoa with high fertility seminal plasma generally improved penetrating ability compared with low fertility spermatozoa mixed with low fertility seminal plasma (P = 0.05). Washed spermatozoa from a bull of low fertility mixed with his own seminal plasma had greater ability to penetrate oocytes than did washed spermatozoa from a bull of high fertility mixed with seminal plasma from a bull of low fertility (P < 0.01). The bias associated with using low fertility seminal plasma from the bull providing the spermatozoa was removed by repeating this experiment using pooled seminal plasma from different subfertile bulls. After combination with pooled seminal plasma from bulls of low fertility spermatozoa from bulls of high or low fertility penetrated oocytes in a similar way, but high fertility spermatozoa had a slightly higher penetration rate (P = 0.12). In conclusion, the penetration of zona-free oocytes by ejaculated spermatozoa from bulls of low fertility was marginally improved by seminal plasma from bulls of high fertility, but penetration by high fertility spermaotoza was decreased by exposure to low fertility seminal plasma. Seminal plasma from bulls of low fertility similarly affected the penetrating ability of high and low fertility spermatozoa if the seminal plasma used was foreign to the spermatozoa being tested.
Introduction
Suboptimal fertility in males is a concern in humans and in agricultural animals. Although males typically labelled as subfertile or infertile are characterized by poor sperm motility, high numbers of abnormal spermatozoa or spermatozoa with inadequate freezability, the subfertile male with normal semen parameters remains an enigma. For these males, the factors contributing to their subfertility are largely unknown.
Collectively, the various studies comparing the effects of seminal plasma on the fertility of caudal or ejaculated sperma¬ tozoa are inconclusive. Mouse and rabbit spermatozoa become more fertile after the addition of a low molecular mass factor from human seminal plasma (Gaur and Talwar, 1973, 1975) . Seminal plasma components, especially those from the seminal *Corresponding author.
Revised manuscript received 29 May 1996. vesicles, augment fertility in rats (Curry and Atherton, 1990) .
Changes in composition of seminal plasma resulting from removal of some or all of the accessory sex glands may also be detrimental to fertility in rats (Queen et al, 1981) , hamsters (Chow et al, 1986 ) and mice (Pang et al, 1979 ).
In contrast, several studies have concluded that exposure of spermatozoa to seminal plasma depressed sperm motility in boars (Iwamoto et al, 1992) , humans (Iwamoto and Gagnon, 1988) , bulls, rams, goats (Dott et al, 1979; Corteel, 1980) , stallions and rabbits (Corteel, 1980) . Decreases in sperm fertility after exposure to seminal plasma components have also been reported for humans (Audhya et al, 1987) and rabbits (Chang, 1957) .
Studies evaluating the seminal plasma characteristics of individuals and their relationship to fertility are limited. When compared to fertile men, infertile men have missing seminal plasma proteins as resolved by two-dimensional gel electrophoresis (Sadowski and Rogers, 1985) . Protein profiles in two-dimensional gels have also been found to differ between seminal plasma from bulls of high or low fertility (Killian et al, 1993) , as has the distribution of heparin-binding protein (Kandell et al, 1992 (Bavister et al, 1983) under heavy mineral oil. Dishes were inseminated with 0.25 106 spermatozoa and incubated for 12-15 h. After co-incubation with spermatozoa stained with fluorescent dyes, oocytes were washed in low bicarbonate Hepes medium (Bavister et al, 1983 Semen was collected from bulls using an artificial vagina.
When spermatozoa were to be mixed with seminal plasma from different bulls, spermatozoa in 1 ml of semen were washed once by centrifugation (500 # for 10 min) in a 1:10 ratio with a protein-free, modified Tyrode's medium (MTM; Parrish et al, 1988) containing 1 mg polyvinyl alcohol ml ( Bavister, 1981 Table 3 ). In three of four cases, the low fertility spermatozoa prevailed over the high fertility spermatozoa. The one comparison in which high fertility spermatozoa penetrated more oocytes was not significant (P = 1.04).
The bias imposed by using seminal plasma homologous to only one of the two bulls being compared in each competition represented in Table 3 was eliminated by using a low fertility seminal plasma pool foreign to both bulls being tested. In three of four comparisons (Table 4) , the high fertility spermatozoa penetrated more oocytes, but only one of these results was statistically significant. The one case where low fertility spermatozoa prevailed was not statistically significant. The overall advantage of high fertility spermatozoa was also not statistically significant.
Discussion
It is known that seminal plasma proteins become associated with sperm membranes at the time of ejaculation (Isojima et al, 1987; Aumüller et al, 1988 Aumüller et al, , 1989 Kameda et al, 1991; Autiero et al, 1991; Manjunath et al, 1994) . Attempts to remove these proteins from rabbit spermatozoa, using high salt concen¬ trations (Brackett and Oliphant, 1975; Oliphant, 1976) (Chang, 1957; Dukelow et al, 1967;  Reddy et al, 1979) , reports of differences between seminal plasma from individuals of high and low fertility are limited.
Protein differences have been detected when the seminal plasma of bulls of high fertility was compared with that of bulls of low fertility (Killian et al, 1993 
